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Abstract
C30H28BClCuN6, triclinic, P1 (no. 2), a = 11.549(3) Å,
b = 12.321(3) Å, c = 12.348(4) Å, α = 111.785(1)°,
β = 116.664(3)°, γ = 97.513(1)°, V = 1361.3(7) Å3, Z = 2,
Rgt(F ) = 0.0440, wRref(F
2) = 0.1063, T = 197 K.
CCDC no: 2027352
The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.
Source of material
Asolution of [Tl{HB(3-Ph-5-Mepz)3}] (300.5mg, 0.437mmol)
[6] in dichloromethane (20 mL) was added slowly to a so-
lution of CuCl2⋅2H2O (82.1 mg, 0.482 mmol) in acetone
(10mL). After themixturewas stirred for 1 h, the solventwas
evaporated under vacuum, and the resulting solid was
extracted with dichloromethane (30 mL). The filtrate was
evaporated under vacuum, and a brown powder was ob-
tained. Red crystals were obtained by the slow evaporation
of a saturated dichloromethane/n-heptane solution held at
room temperature. The second crop was contaminated by
other adducts involving free pyrazole and/or coordinating
solvents. Yield: 28% (72.5 mg, 0.124 mmol).
Anal. Calcd. for C30H28BClCuN6. C, 61.87; H, 4.85; N,
14.43%. Found: C; 61.80, H; 4.70, N; 14.10.
IR (JASCO FT/IR-6300 spectrophotometer, KBr; cm−1):
3058 (w) ν(C–H), 2927 (w) ν(C–H), 2535 (m) ν(B–H), 1542 (s)
ν(C=N).
UV–Vis (JASCO V–570 at 298 K); λmax, nm (ε, M–1 cm–1):
369 (1660), 408 (sh, 1510), 520 (sh, 390), 906 (180).
Table : Data collection and handling.
Crystal: Red slab
Size . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−
Diffractometer, scan mode Rigaku Mercury, ω
θmax, completeness: .°,  %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 
Programs: REQAB [], CrystalClear [],
SIR [], SHELX [],
WinGX/ORTEP []
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Experimental details
The C- andB-boundHatomswere geometrically placed (C–
H = 0.95–1.00 Å & B–H = 1.00 Å) and refined as riding with
Uiso(H ) = 1.2–1.5Ueq(C) and 1.2Ueq(B). Owing to poor
agreement, two reflections, i.e. (4 8 4) and (−11 11 3), were
manually omitted from the final cycles of refinement.
Discussion
Comment
The coordination chemistry of hydrotris(pyrazolyl)borate
ligands has proven to be a very productive area of research.
This is mainly because the coordination environment of a
metal can be readily controlled by these ligands which also
exert a significant influence upon second sphere coordi-
nation effects [7, 8]. This control can be moderated by
altering the steric profiles of pyrazoles by substitution at
the 3- and/or 5-positions of the pyrazolyl ring. By using the
less hindered, parent hydridotris(pyrazolyl)borate, the
formation of unreactive and coordinatively saturated
complexes, [M{HB(3,5-R2pz)3}2] (R = H andMe), were easily
obtained [7, 8]. In 1986, bulkier substituents were intro-
duced at the 3-position of the pyrazolyl ring, [HB(3-Rpz)3]
-
(R = tBu or Ph) [9], which then lead to 3,5-disubstitution by
isopropyl and phenyl groups to prevent the formation of
the unreactive, bischelate formation [10–12]. Therefore,
these hindered hydridotris(pyrazolyl)borate ligands were
given the term ”tetrahedral enforcer” [13]. In copper(II)
coordination chemistry, a D2d distorted tetrahedral struc-
ture is very important in inorganic and bioinorganic
chemistry, since in copper proteins tetrahedral geometries
have been reported for copper(II) centres [14]. However, it
remains very difficult to obtain tetrahedral copper(II)
Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).
Atom x y z Uiso*/Ueq
Cu . () . () . () . ()
Cl . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . −. .*
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
H . −. . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
Table : (continued)
Atom x y z Uiso*/Ueq
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
B . () . () . () . ()
H . . . .*
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complexes as pure compounds, since some additional li-
gands and/or coordinating solvents can be easily coordi-
nated to the copper(II) centre to form five- or six-coordinate
species instead. In this connection, the present work re-
ports the X-ray structural characterization and some
properties of a four-coordinate copper(II) complex with a
phenyl-substituted hydridotris(pyrazolyl)borate, i.e.
[Cu(Cl){HB(3-Ph-5-Mepz)3}], (I).
As mentioned above, tetrahedral copper(II) geometries
are not common in coordination chemistry. Therefore, to
synthesise complexeswith this difficult to obtain geometry, a
judicious choice of ligand needs to be made. Among these,
the N3-type hydridotris(pyrazolyl)borate ligands are good
candidates. By using sterically hindered hydridotris(pyr-
azolyl)borate ligands, tetrahedral copper(II) complexes have
been obtained previously, such as [Cu(Cl){HB(3,5-iPr2pz)3}]
[15], [Cu(SC6F5){HB(3,5-iPr2pz)3}] [16], [Cu(OOC(CH3)2C6H5)
{HB(3,5-iPr2pz)3}] [17], [Cu(OH){HB(3-tBu-5-iPrpz)3}] [18],
[Cu(Cl){HB(3-tBu-5-iPrpz)3}] [19], [Cu(Cl){HB(3-Ad-5-iPrpz)3}]
[19] and [Cu(Cl){HB(3-tBu-5-Mepz)3}] [20]. However, these
complexes with a tetrahedral geometry were quite unstable
with ligands such as [HB(3,5-iPr2pz)3]
-, i.e. with reduced steric
hindrance. Indeed, the addition of small amount of a coor-
dinating solvent such as DMF into a CH2Cl2 solution of [Cu(Cl)
{HB(3,5-iPr2pz)3}] results in the immediate formation of the
solvent adduct, [Cu(Cl)(dmf){HB(3,5-iPr2pz)3}], which was
characterized by X-ray diffraction [15]. For the preparation of
coordinatively unsaturated [Cu(Cl){HB(3-Ph-5-Mepz)3}], care
must be made to avoid contamination by solvent and other
species. Therefore, in thepresent study, the thallium(I) salt [Tl
{HB(3-Ph-5-Mepz)3}] [6] was employed. However, the yield
was very low (28%), partly because the second crop of crys-
tals was green, consistent with the formation of five-
coordinate products.
The molecular structure of (I) is shown in the figure
(35% probably displacement ellipsoids). The Cu–Cl bond
length in (I) is 2.1446(7) Å, which lies in the range for Cu–Cl
bonds in other tetrahedral chlorido copper(II) complexes
with pz ligands, viz. [Cu(Cl){HB(3,5-iPr2pz)3}] (2.125(6) Å)
[15], [Cu(Cl){HB(3-tBu-5-iPrpz)3}] (2.167(1) Å) [19], [Cu(Cl)
{HB(3–Ad-5-iPrpz)3}] (2.1706(9) Å) [19] and [Cu(Cl){HB(3--
tBu-5-Mepz)3}] (2.1738(14) and 2.1760(13) Å, for the two
independent molecules) [20]. On the other hand, examples
of Cu–Cl bond lengths in five-coordinate chlorido com-
plexes are 2.260(2) Å in [Cu(Cl)(dmf){HB(3,5-iPr2pz)3}] [15]
and 2.2833(8) Å in [Cu(Cl){HB(3-Ph-5-Mepz)3}(3-Ph-5-
MepzH)] [21], which represent approximately 0.1 Å elon-
gations compared with the Cu–Cl distances in the four
coordinate, chlorido copper(II) percursor complexes.
These parameters are comparable with those found in
tetrachloridocuprates [14]. This dramatic change is due to
differences in the ground state electronic configurations,
which change from dz2 to dx2−y2. This change can also be
observed in the d–d transition energies: 906 nm
(180 M−1 cm−1) in [Cu(Cl){HB(3-Ph-5-Mepz)3}], 996 nm
(150 M−1 cm−1) in [Cu(Cl){HB(3,5-iPr2pz)3}] and 758 nm
(100 M−1 cm−1) in [Cu(Cl)(dmf){HB(3,5-iPr2pz)3}] [15].
The Cu–N bond lengths in (I) are experimentally
distinct with Cu–N11 [1.9348(19) Å] being significantly
shorter than Cu–N21 [2.088(2) Å] and Cu–N31 [2.027(2) Å].
The range of tetrahedral angles is broad, i.e. from a narrow
89.02(8)° for N11–Cu–N31 to a wide 150.98(6)° for N11–Cu–
Cl1, indicating the N11 atom is approximately trans to the
Cl1 atom, which accounts for the disparity in the Cu–N
bonds, and a significant deviation from molecular three-
fold symmetry.
In the crystal, a prominent intermolecular contact is a
phenyl–C–H/Cl [C18–H18/Cl1i: H18/Cl1i = 2.66 Å,
C18/Cl1i = 3.596(4) Å with angle at H18 = 169°; symmetry
operation (i) 1−x, −y, 1−z] interaction between centrosym-
metrically relatedmolecules which leads to the formation of a
two-moleculeaggregate. Theonlyother identifiedcontactsare
methyl–C–H/π(pyrazolyl) [C20–H20a/Cg(N11,N12,C11–
C13)ii: H20a/Cg(N11,N12,C11–C13)ii = 2.82 Å with angle at
H20a = 141° and C20–H20b/Cg(N31,N32,C31–C33)ii:
H20b/Cg(N31,N32,C31–C33)ii = 2.89 Å with angle at
H20b = 148° for (ii) 2−x, 1−y, 1−z] interactions, which connect
the dimeric aggregates into a supramolecular layer in the ab-
plane; layers stack without directional interactions between
them.
An analysis of the supramolecular association in the
crystal of (I) was also performed by calculating the Hirshfeld
surface as well as the full and delineated two-dimensional
fingerprint plots employing Crystal Explorer 17 [22] and
literaturemethods [23]. The specifiedH/Cl contacts leading
to the dimeric aggregates appear as sharp spikes in the
fingerprint plot delineated into H/Cl/Cl/H contacts;
overall, these contribute 8.0% of all contacts to the surface.
In the same way, characteristic wings are noted in the
delineated fingerprint for H/C/C/H contacts, which con-
tribue 28.7% to the calculated Hirshfeld surface. The major
contribution to the surface comes from H/H contacts at
52.7%. Smaller contributions but, at relatively long separa-
tions are made by H/N/N/H [6.2%] and C/C [3.8%]
contacts.
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